Differential diagnostics of biological tissues using method of Stokes-correlometry mapping by Ushenko, A.G. et al.
149 
 
6.3. Differential diagnostics of biological tissues using method 
of Stokes-correlometry mapping 
 
A.G. Ushenko, M. Grytsyuk, V.O.Ushenko, G.B. Bodnar,  
O. Vanchuliak, A. Antoniv 
 
6.3.1. Theoretical basics and experimental realization of the 
method of stokes correlometry mapping of biological layers 
6.3.1.1. Analytical relations of Stokes correlometry mapping 
In the series of research works the possibility of polarimetry diagnostic 
[1-19] of optically anisotropic layers of biological tissues [20-35] is 
demonstrated. Along with this, the systemic information about the 
possibilities of polarimetry in diagnostic of hard system diseases like 
diabetes is absent.   
In this work we make an attempt for obtaining the set of objective 
criteria of diabetes diagnostics and the estimation of it severity degree. As 
the ground - we have used a theory of T. Setola, Ya. Tervo and A.T. 
Friberg [36,37]. It was shown that optical anisotropy of phase-
inhomogeneous layer can be described by the phase of the 4th parameter of 
"two-point" complex Stokes vector.  
 










2121
2121
4
sinsin
coscos


tgctg
tgctg
arctgArgS .                                           (6.3.1) 
 
Here   - direction of optical axis;   - phase shift of linear birefringence 
[38-41]. 
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We have considered a regime of weak phase anisotropy ( 12,0i ; 
  1cos 21 ; ;   2121sin  ; ). Under these conditions, dependence 
(6.3.1) takes the form 
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It follows from the analysis of the obtained relation (6.3.2) that phase 4ArgS  
carries information about their birefringence (  yx, ). 
 
6.3.1.2. Experimental results of the method of Stokes 
correlometry 
As the test objects we used the histological sections of healthy and 
affected by diabetes mice internal organs.  
The fluorescence of the tissues of mice internal organs was excited by 
the radiation of semiconductor laser with the wavelength of m+ 405.0
 . 
The analysis of fluorescent images was performed by means of bandpass 
filter with the maximum of transmission m+ 63.0
	 . 
Figs. 6.3.1 and 6.3.3 present the coordinate distributions of the value of 
phase 4ArgS , which characterizes the fluorescence of linearly birefringent 
anisotropic structures of the histological sections of fibrillar kidney tissue 
(Fig. 6.3.1) and parenchymal tissue of spleen (Fig. 6.3.3). 
The set of autocorrelation functions (ACF) [9,17,21-29] of coordinate 
distributions of the value of phase 4ArgS  of the histological sections of 
healthy and affected by diabetes fibrillar tissue of kidney and parenchymal 
tissue of kidney was presented in Fig. 6.3.2 and Fig. 6.3.4 correspondingly. 
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Table 6.3.1 presents the values of correlation moments of the 2nd (half-
width of ACF) and the 4th (the kurtosis of ACF) [9,17, 21] of the 
distributions of phase 4ArgS  of the histological sections of this two types. 
 
Fig. 6.3.1. Coordinate distributions of the phase values 4ArgS  of the 
4th parameters of Stokes vector  of microscopic images of 
fluorescence of the histological sections of kidney of healthy mice 
(fragment (1)) and affected by diabetes (fragment (2)).  
 
 
Fig. 6.3.2. Autocorrelation functions of the phase values 4ArgS  of the 
4th parameters of Stokes vector  of microscopic images of 
fluorescence of the histological sections of kidney of healthy mice 
(fragment (1, 2)) and affected by diabetes (fragment (3, 4)).  
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Fig. 6.3.3. Coordinate distributions of the phase values 4ArgS  of the 
4th parameters of Stokes vector of microscopic images of 
fluorescence of the histological sections of spleen of healthy mice 
(fragment (1)) and affected by diabetes (fragment (2)). 
 
 
Fig.6.3.4. Autocorrelation functions of the phase values 4ArgS  of the 
4th parameters of Stokes vector  of microscopic images of 
fluorescence of the histological sections of spleen of healthy mice 
(fragment (1, 2)) and affected by diabetes (fragment (3, 4)). 
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Table 6.3.1. Correlation moments of the 2nd ( 2K ) and the 4th ( 4K ) 
orders, which characterize the distributions of the phase 4ArgS  of the 4th 
Stokes vector parameter of microscopic images of fluorescence of the 
histological sections of healthy and affected by diabetes mice internal 
organs 
Tissue Fibrillar tissue of kidney Parenchymal tissue of 
spleen 
Condition  Normal Diabetes Normal Diabetes 
2K  0.13 0.21 0.19 0.25 
4K  1.31 0.83 0.91 0.56 
 
It was defined an individual sensitivity of correlation moments of the 
2nd ( 2K ) and the 4th ( 4K ) orders, which characterize the distributions of 
values of the phase of the 4th Stokes vector parameter 4ArgS  of 
microscopic images of fluorescence of the histological sections of healthy 
and affected by diabetes mice internal organs. 
It was found that more pronounced differences between physiologically 
states of mice internal organs exist for 4K  - kidney in 1.55times; spleen in 
1.48 times. 
 
6.3.2. Clinical application of stokes correlometry in 
differential diagnostics of diabetes severity degree   
6.3.2.1. Object of investigations 
Two groups of samples of histological sections of mice spleen tissue 
were used: 
 diabetes (11 days) & group 1 (33 samples); 
 diabetes (21 days) - group 2 (33 samples). 
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Histological sections were produced due to the standard technique on 
the freezing microtome. 
6.3.2.2. Experimental results 
Fig. 6.3.5 illustrates the results of Stokes correlometry mapping of the 
phase of the 4th parameter of Stokes vector 4ArgS  of microscopic images 
of fluorescence of the histological sections of spleen tissue with different 
time of diabetes existence. 
Fig. 6.3.6 presents the autocorrelation functions of coordinate 
distributions of the value of phase of the 4th parameter of Stokes vector 
4ArgS  of microscopic images of fluorescence of the histological sections of 
spleen. 
Fig. 6.3.5. Coordinate distributions of the phase values 4ArgS  of the 
4th parameters of Stokes vector  of microscopic images of 
fluorescence of the histological sections of spleen of mice affected 
by diabetes (12 days - fragment (1)) and (21 days - fragment (2)). 
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Fig. 6.3.6. Autocorrelation functions of the phase values 4ArgS  of the 
4th parameters of Stokes vector  of microscopic images of 
fluorescence of the histological sections of spleen of mice affected 
by diabetes (12 days -fragment (1) and (21 days - fragment (2). 
 
Table 6.3.2 consists of the values of correlation moments of the 2nd 
(ACF half-width) and the 5th (ACF kurtosis) of the distribution of phase 
values 4ArgS  of microscopic images of spleen tissue samples of both 
groups. 
 
Table 6.3.2. Correlation moments of the 2nd ( 2K ) and the 4th ( 4K ) 
orders, which characterize the distributions of the phase 4ArgS  of the 
4th Stokes vector parameter of microscopic images of fluorescence of 
the histological sections of spleen tissue with diabetes 
Tissue Parenchymal spleen tissue 
Condition  Diabetes (11 days) Diabetes (21 days) 
2K  0.17 = 0.08 0.23 = 0.013 
4K  1.09 = 0.061 0.67 = 0.036 
 
For the possible clinical application of the Mueller matrix mapping 
method for each group of samples the operating characteristics, typical for 
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evidence-based medicine 42-44 that determine the diagnostic power of the 
method are determined, namely & sensitivity ( %100
ba
aSe


 ), specificity 
( %100
dc
cSp


 ) and balanced accuracy (
2
SpSeAc 
 ), where a  and b  & the 
number of correct and incorrect diagnoses within group 2; c  and d  & the 
same within group 1 & Table 6.3.2. 
For the correlation moment of the 4th order it was reached the level of 
balanced accuracy ( %95
Ac ). 
 
6.3.3. Conclusions 
Short theoretical basics of the method of differential Stokes correlometry 
mapping of microscopic images of fluorescence of polycrystalline structure 
of the histological sections of mice spleen tissue were provided. It was 
demonstrated the results of experimental approbation of such method. The 
differentiation of linear birefringence of spleen tissue with different 
diabetes severity degree was realized. It was reached an excellent levels of 
balanced accuracy of differential diagnostics of such a samples. 
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